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The work covered by this grant (Grant No. N00014-90-J-1559) is a
continuation of the work supported by Contract No. N00014-86-K-0766.

The work covered by the grant from November 1, 1989 to June 30, 1992 is
summarized by the Technical Reports listed below.

Patents carried by both Contract No. N00014-86-K-0766 and Grant No.
N00014-90-J-1559 are listed below.

Also listed are the names of all personnel who received stipends resulting
in whole or in part from funds available either from the contract, the grant, or
from both.

NOTE: Work covered by the Contract No. N00014-86-K-0766, from
September 16, 1986 to October 31, 1989, is described by publications
included the Final Report for Contract No. N00014-86-K-0766.

SUMMARY:

This interdisciplinary research involving synthetic chemistry,
electrochemistry, structural studies and physics has involved the conducting
polymer, polyaniline, and its derivatives almost exclusively. It has proven to be
enormously successful and has been probably the underlying force in taking the
polyaniline field of conducting polymers from more or less a laboratory curiosity
to technical production and sales. At the commencement of the project, the
constitution of this varied oxidation state class of conducting polymers, their
chemical purity and oxidative purity were unclear. The analytically and
oxidatively pure three distinct oxidation states have been synthesized and
characterized. Free-standing stretch-aligned partly crystalline films and fibers
with greatly enhanced conductivity have been obtained, thus demonstrating for
the first time the processibility of polyaniline and its derivatives. Structural,
magnetic, optical and transport studies have shown that doped polyaniline has a
half-filled polaron conduction band and that it possesses metallic-type
conductivity in its crystalline domains.

Alan t. MacDiarmid
December 4, 1992
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TOTAL TECHNICAL REPORTS = 112

TECHNICAL REPORTS - 1990 = 36

1990-1 "New Developments In the Synthesis and Doping of Polyacetylene and

Polyaniline," in Conjugated Polymeric Materials: Opportunities in Electronics.
Optoelectronics and Molecular Electronics, J.L. Bredas and R.R. Chance, Eds.,

(Kluwer Academic Publishers, Dordrecht, Holland), p. 53 (1990), A.G.
MacDiarmid and A.J. Epstein.

1990-2 "Polyaniline Versus Polyacetylene, or, Rings Versus Bonds and the Role of
Barriers and Crystallinity," in Conjugated Polymeric Materials: Opportunities in
Electronics. Optoelectronics and Molecular Electronics, J.L. Bredas and R.R.

Chance, Eds., (Kluwer Academic Publishers, Dordrecht, Holland), p. 195 (1990),
A.J. Epstein and A.G. MacDiarmid.

1990-3 "Aniline Tetramers: Comparison With Aniline Octamer and Polyaniline," in
Tournal of Physics and Chemistry Solids 5, 107 (1990), H.H.S. Javadi, S.P.

Treat, J.M. Ginder, J.F. Wolf and A.J. Epstein.

1990-4 "Investigation of Surface Morphology of Emeraldine Hydrochloride by Scanning

Tunneling Microscopy," in Journal of Applied Polymer Scence. 40., 1693 (1990),
J.G. Mantovani, R.J. Warmack, B.K. Annis, A.G. MacDiarmid and E. Scherr.

1990-5 •The Polyanilines: Potential Technology Based on New Chemistry and New
Properties," in Science and Application of Conducting Polymers W.R. Salaneck,

D.T.C. Clark and E.J. Samuelsen, Eds., (IOP Publishing Ltd., Bristol, U.K.), p. 117
(1990), A.G. MacDiarmid and A.J. Epstein.

1990-6 '"bTe Controlled Electromagnetic Response of Polyanilines and Its Application to

Technology," in Science and Application of Conducting Polymers W.R.
Salaneck, D.T.C. Clark and E.J. Samuelsen, Eds., (IOP Publishing Ltd., Bristol,

U.K.), p. 141 (1990), A.J. Epstein and A.G. MacDiarmid.

1990-7 "Polyaniline: Synthesis and Properties of Pernigraniline Base," in Synthetic

Metals 41, 621 (1991), A.G. MacDiarmid, S.K. Manohar, J.G. Masters, Y. Sun, H.
Weiss and A.J. Epstein.



1990-8 "Sulfonic Acid Ring-Substituted Polyaniline, A Self-Doped Conducting Polymer," 6

in Molecular Cry stals L d Cystals, 1 255 (1990), J. Yue, A.J. Epstein and A.G.
MacDiarmid.

1990-9 "Phenyl Ring Rotations, Structural Order and Electronic States in Polyaniline," in
%ythetic Metals 37 45 (1990), J.M. Ginder, A.J. Epstein and A.G. MacDiarmid.

1990-10 "Electronic Localization in Polyaniline Derivatives," in Physical Review B Rapid
Communications 42 5411 (1990), Z.H. Wang, H.H.S. Javadi, A.Ray, A.G.
MacDiarmid and A.J. Epstein.

1990-11 'Non- Ohmic Conductivity: A Probe of the Localization Mechanism in
Polyaniline Derivatives," in Molecular Crystals Liquid Crystals 189. 263 (1990),
Z.H. Wang, E. Ehrenfreund, A. Ray, A.G. MacDairmid and A.J. Epstein.

1990-12 "Ring-Torsional Polarons in Polyaniline and Polyparaphenylene Sulfide," in
Synthetic Metals 41. 3431 (1991), J.M. Ginder, A.J. Epstein and A.G. MacDiarmid.

1990-13 "Polyaniline: Pernigraniline, An Isolable Intermediate in the Conventional
Chemical Synthesis of Emeraldine," in Synthetic Metals _4_1, 711 (1991), S.K.
Manohar, A.G. MacDiarmid and A.J. Epstein.

1990-14 "Polyaniline: Oriented Films and Fibers," in Synthetic Metals 41 735 (1991), E.M.
Scherr, A.G. MacDiarmid, S.K. Manohar, J.G. Masters, Y. Sun, X. Tang, M.A.
Druy, P.J. Glatkowski, V.B. Cajipe, J.E. Fischer, KR. Cromack, M.E. Jozefowicz,
J.M. Ginder, R.P. McCall and A.J. Epstein.

1990-15 "Polyaniline: Allowed Oxidation States," in Synthetic Metals 4_, 661 (1991), J.G.
Masters, Y. Sun, A.G. MacDiarmid and A.J. Epstein.

1990-16 "Impedance Profiling: A Convenient Technique for Determining the Redox or
Protonic Acid Doping Characteristics of Conducting Polymers," in Synthetic
Metals 1 2987 (1991), D.B. Swanson, A.G. MacDiarmid and A.J. Epstein.

1990-17 "Photoinduced Absorption and Erasable Optical Information Storage in
Polyanilines," in Synthetic Metals 4I, 1329 (1991), R.P. McCall, J.M. Ginder, J.M.
Leng, K.A. Coplin, H.J. Ye, A.J. Epstein, G.E. Asturias, S.K. Manohar, J.G. Masters,
E.M. Scherr, Y. Sun and A.G. MacDiarmind.

1990-18 "Light Induced Electron Spin Resonance in Polyaniline," in Synthetic Metals 41
641 (1991), K. Cromack, A.J. Epstein, J. Masters, Y. Sun and A.G. MacDiarmid.
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1990-19 "Electron Localization in Polyaniline and Its Derivatives," in Synthetic Metals 41

749 (1991), Z.H. Wang, A.J. Epstein, A. Ray and A.G. MacDiarmid.

1990-20 "X-Ray Structure of Polyaniline," in Synthetic Metals 41. 723 (1991), M.E.

Jozefowicz, A.J. Epstein, J.P. Pouget, J. G. Masters, A. Ray, Y. Sun, X. Tang and

A.G. MacDiarmid.

1990-21 "Structure, Order and the Metallic State in Polyaniline and Its Derivatives," in
Snthetic Metals. 41.601 (1991), A.J. Epstein and A.G. MacDiarmid.

1990-22 "Photoexcitation Spectroscopy of Pernigraniline," in Synthetic Metals 41, 1311

(1991), J.M. Leng, J.M. Ginder, R.P. McCall, H.J. Ye, A.J. Epstein, Y. Sun, S.K.
Manohar and A.G. MacDiarmid.

1990-23 'Thermal Stabilities of Polyanilines," in Synthetic Metals, 41 765 (1991), J. Yue,
A.J. Epstein, Z. Zhong, P.KI Gallagher and A.G. MacDiarmid.

1990-24 "Polarized Absorption in Oriented 'New' (CH)x," in Synthetic Metals 41, 159

(1991), H.S. Woo, D.B. Tanner, N. Theophilou and A.G. MacDiarmid.

1990-25 'The Polyanilines: A Novel Class of Conducting Polymers," in Advanced
Organic Solid State Materials L.Y. Chiang, P.M. Chaikin and D.O. Cowan, Eds.,

(MRS, Pittsburgh), 173, p. 283 (1990), A.G. MacDiarmid and A.J. Epstein.

1990-26 "Optical Studies of Polyanilines: Effects of Alkyl Ring-Substitution and Solvent

Environment," in Advanced Organic Solid State Materials L.Y. Chiang, P.M.

Chaikin and D.O. Cowan, Eds., (MRS, Pittsburgh), 173, p. 353 (1990), A. Ray, A.G.
MacDiarmid, J.M. Ginder and A.J. Epstein.

1990-27 "Polyaniline: An Old Polymer With New Physics," in Advanced Organic Solid
State Materials L.Y. Chiang, P.M. Chaikin and D.O. Cowan, Eds., (MRS,

Pittsburgh), 173 p. 293 (1990), A.J. Epstein and A.G. MacDiarmid.

1990-28 "Oxidative Polymerization of Aniline: Characterization of New Polyaniline
Products," in 4th International SAMPE Electronics Conference, p. 367 (1990), S.
Preto-Clement and R.E. Cameron.

1990-29 '"he 0.9 eV Absorption Band of Polyaniline: A Morphologically Sensitive
Electronic Absorption," in Advanced Organic Solid State Materials L.Y. Chiang,

P.M. Chaikin and D.O. Cowan, Eds., (MRS, Pittsburgh), 173, p. 305 (1990), D.
Zhang, J.-H. Hwang and S.C. Yang.
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1990-30 "Polyaniline as a Reversible Switchable Electrochromic Material," in Advanced

Soni d tU Materials. LY. Chiang, P.M. Chaikin and D.O. Cowan, Eds.,
(MRS, Pittsburgh), 173. p. 329 (1990), W.-R. Shieh, S.C. Yang, C. Marzzacco and J.-
H. Hwang.

1990-31 "Spectroscopic and Molecular Weight Studies of Polytoluidines," in Advanced
Organic Solid State Materials LY. Chiang, P.M. Chaikin and D.O. Cowan, Eds.,
(MRS, Pittsburgh), 173 p. 341 (1990), Y. Wei, K.F. Hsueh, S. Nagy, A. Ray, A.G.
MacDiarmid, J. Dykins, A.J. Epstein and G.E. Wnek.

1990-32 "Polymerization of Aniline and Alkyl Ring-Substituted Anilines in the Presence
of Aromatic Additives," in lournal of Physical Chemistry 24, 7716 (1990), Y. Wei,
G.-W. Jang, C.C. Chan, KF. Hsueh, R. Hariharan, S.A. Patel and C.K. Whitecar.

1990-33 "Rupture of Cobalt / Iron and Oxygen Bonds in the Chain During Thermal
Treatment of YBa 2Cu 3(57Co)06.0 ," in Physica C. 171 406 (1990), A. Nath, Z.
Homonnay, S.D. Tyagi, Y. Wei, G.-W. Jang and C.C. Chan.

1990-34 "Synthesis, Polymerization and Thermal Properties of a New Acetylene-
Terminated Schiff Base," in journal of Polymer Science, Part A, and Polymer
Chemistry 29 749 (1991), Y. Wei, R. Hariharan and J.K. Ray.

1990-35 "Thermal Transitions and Mechanical Properties of the Films of Chemically
Prepared Polyaniline,"in Polymer 33-2 314 (1992), Y. Wei, G.-W. Jang, K.F.
Hsueh, E.M. Scherr, A.G. MacDiarmid and A.J. Epstein.

1990-36 "Interaction of Cationic Polypeptides With Electroactive Polypyrrole/
Poly(styrenesulfonate) and Poly(N-methyl-pyrrole)/Poly(styrenesulfonate)
Films," in Macromolecules, (In Press 1991), L.A. Prezyna, Y.-J. Qiu, J.R. Reynolds
and G.E. Wnek.
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TECHNICAL REPORTS - 1991 = 26

1991-1 "Highly Conducting Polyacetylene: Three-Dimensional Delocalization," in
Physical Review B, 412183 (1991), H.H.S. Javadi, A. Chakraborty, C. U, N.
Theophilou, D.B. Swanson, A.G. MacDiarmid and A.J. Epstein.

1991-2 'Torsional Defects and Photoinduced Charge Transfer in Ring-Containing
Polymers," in Molecular Crystals Liquid Crystals 194 13 (1991), J.M. Ginder, A.J.
Epstein and A.G. MacDiarmid.

1991-3 "X-Ray Structure of Polyaniline," in Macromolecules 24 779 (1991), J.P. Pouget,
M.E. J6zefowicz, A.J. Epstein, X. Tang and A.G. MacDiarmid.

19914 "Electron Localization and Charge Transport in Poly-(O-Toluidine): A Model
Polyaniline Derivative," in Physical Review B, , 4373 (1991), ZH. Wang, A.

Ray, A.G. MacDiarmid and A.J. Epstein.

1991-5 "Synthetic Metals: A Novel Role for Organic Polymers," in Makromol. Chem.,

i1, 11 (1991), A.G. MacDiarmid and A.J. Epstein.

1991-6 "Novel Concepts in Electronic Polymers: Polyaniline and Its Derivatives," in
Makromol. Chem. 11, 217 (1991), A.J. Epstein and A.G. MacDiarmid.

1991-7 "Spectroscopy and Photoexcitation Spectroscopies of Polyaniline: A Model
System for New Phenomena," in Spectroscopy of Advanced Materials R.J.H.
Clark and R.E. Hester, Eds., (John Wiley, New York), p. 355 (1991), A.J. Epstein,
R.P. McCall, J.M. Ginder and A.G. MacDiarmid.

1991-8 "Three Dimensionality of 'Metallic' States in Conducting Polymers: Polyaniline,"
in Physical Review Letters, 1745 (1991), Z.H. Wang, C. Li, E.M. Scherr, A.G.

MacDiarmid and A.J. Epstein.

1991-9 'The Polyanilines: A Novel Class of Conducting Polymers," in Polymer
Preprints 32-3, 709 (1991), A.G. MacDiarmid and A.J. Epstein.

1991-10 "Effect of Sulfonic Acid Group on Polyaniline Backbone," in lournal American
Chemical Society 113 2665 (1991), J. Yue, Z.H. Wang, K.R. Cromack, A.J. Epstein
and A.G. MacDiarmid.
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1991-11 "Polyaniline: Inter-Relationship Between Ultra-Structure and Properties," in

PMSE Preprints (In Press 1992), A.G. MacDiarmid, S.K. Manohar, E.M. Scherr, X.

Tang, M.A. DruyP.J. Glatkowski and A.J. Epstein.

1991-12 "Science and Technology of Conducting Polymers," in Frontiers of Polymer

Research P.N. Prasad and J.K. Nigam, Eds., (Plenum Press, New York), p. 259

(1991), A.G. MacDiarmid and A.J. Epstein.

1991-13 "The Chemical Control of Processibility, Electromagnetic Response and Other

Properties of Polyanilines and Their Applications to Technology," in ANTEC '91,

p. 755 (1991), A.J. Epstein and A.G. MacDiarmid.

1991-14 "Thermal Process for Orientation of Polyaniline Films," in Macromolecules 24,

4157 (1991), K.R. Cromack, M.E. J6zefowicz, J.M. Ginder, A.J. Epstein, R.P. McCall,

G. Du, J.M. Leng, K. Kim, C. Li, Z.H. Wang, M.A. Druy, P.J. Glatkowski, E.M.
Scherr and A.G. MacDiarmid.

1991-15 "XPS Study of Sulfonated Polyaniline," in PMSE Preprints 64, 303 (1991), J. Yue,

A.J. Epstein and A.G. MacDiarmid.

1991-16 "X-Ray Structure of Polyaniline Derivative-Poly-ortho-toluidine: The Structual

Origin of Charge Localization," in Macromolecules 24 5863 (1991), M.E.

J6zefowicz, A.J. Epstein, J.P. Pouget, J.G. Masters, A. Ray and A.G. MacDiarmid.

1991-17 "Photoexcitations in Pernigraniline: Ring-Torsional Polarons and Bond-Order

Solitons," in Physical Review Letters, 1184 (1991), J.M. Leng, J.M. Ginder, R.P.

McCall, H.J. Ye, Y. Sun, S.K. Manohar, A.G. MacDiarmid and A.J. Epstein.

1991-18 "Application of Microwave Cavity Perturbation Techniques in Conducting
Polymers," in IEEE Instrumentation/Measurement Technology Conference, (In

Press 1991), Z.H. Wang, H.H.S. Javadi and A.J. Epstein.

1991-19 "Photoexcited Defects in Poly(3-Methylthiophene): Light Induced Electron Spin

Resonance and Photoinduced Absorption," in Synthetic Metals 41 1225 (1991), J.

Poplawski, E. Ehrenfreund, K. Cromack, A.J. Epstein and A.J. Frank.

1991-20 "Polyaniline/PPD-T Fibers," in Synthetic Metals 4.1, 1005 (1991), C.-H. Hsu, P.

Vaca-Segonds and A.J. Epstein.

1991-21 "Infrared-Absorption and Photoinduced-Absorption Spectroscopy of
Semiconducting YBa 2Cu AO6+, (A = 16 and 18; 0 < x < 0.3)," in Physical Review B



11
Al 10574 (1991), H.J. Ye, R.P. McCall, W.E. Farneth, E.M. McCarron ITM and A.J.

Epstein.

1991-22 "Absorption and Photoinduced-Absorption Spectroscopy in Semiconducting
YBa2Cu 3 

0 6+x;' in Physical Review B,4, 10582 (1991), J.M. Leng, J.M. Ginder,

W.E. Farneth, S.1. Shah and AJ. Epstein.

1991-23 "XPS Study of Self-Doped Conducting Polyaniline and Parent Systems," in
Macromolecules _24 4441 (1991), J. Yue and A.J. Epstein.

1991-24 "Synthesis, Polymerization, and Thermal Properties of a New Acetylene-
Terminated Schiff Base," in lournal Polymer Science Polymer Chemitry, 29 749
(1991), Y. Wei, R. Hariharan and J.K. Ray.

1991-25 "Fast Atom Bombardment Mass Spectrometric Characterization of Poly(O-
Toluidine)a," in Tournal American Society Mass Spectroscopy (In Press 1991), K.
Balasaunmugam, K.G. Owens, K.F. Hsueh, P. Hoontrakul, Y. Wei and M.A.

Olsen.

1991-26 "Electrochemical Polymerization of Thiophenes in the Presence of Bithiophene

or Terthiophene: Kinetics and Mechanism of the Polymeriz. tion," in Chemical
of Materials 3, 888 (1991), Y. Wei, C.-C. Chan, J. Tian, G.-W. Jang and K.F. Hsueh.
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TECHNICAL REPORTS - 1992 = 50

1992-1 "The Polyanilines: Recent Advantages in Chemistry and Processing," in Lower

Dimensional Systems and Molecular Electronics R.M. Metzger, P. Day and G.C.

Papavassiliou, Eds., (Plenum Press, New York), p. 303 (1991), A.G. MacDiarmid

and A.J. Epstein.

1992-2 "Polyaniline: New Physics in an Old Polymer," in Lower Dimensional Systems

and Moleculare Electronics R.M. Metzger, P. Day and G.C. Papavassiliou, Eds.,

(Plenum Press, New York), p. 335 (1991), A.J. Epstein and A.G. MacDiarmid.

1992-3 "Influence of Ring-Torsion Dimerization on the Band Gap of Aromatic

Conjugated Polymers," in Physical Review B , 6002 (1991), J.L. Br~das, C.
Quattrocchi, J. Libert, A.G. MacDiarndd, J.M. Ginder and A.J. Epstein.

1992-4 "EPR of Naarmann-Theophilou Polyacetylene: Critical Role of Interchain

Interactions," in Physical Review B _4 12070 (1991), Z.H. Wang, N. Theophilou,

D.B. Swanson, A.G. MacDiarmid and A.J. Epstein.

1992-5 "Role of Ring-Torsion Angle in Polyaniline: Electronic Structure and Defect

States," in Physical Review B, B , 10674 (1990), J.M. Ginder and A.J. Epstein.

1992-6 "Synthesis of Self-doped Conducting Polyaniline," in Journal American

Chemical Society 112. 2800 (1990), J. Yue and A.J. Epstein.

1992-7 "Erasable Optical Information Storage in the Polyanilines," in Appi. Phys. Lett.

(In Press 1991), R.P. McCall, J.M. Ginder and A.J. Epstein.

1992-8 "Ring-Torsional Solitons in Polyaniline," in Physical Review B, 4, 2362 (1991), R.

MacKenzie, J.M. Ginder and A.J. Epstein.

1992-9 "Electronic Phenomena in Polyanilines,"in Frontiers of Polymer Research P.N.

Prasad and J.K. Nigam, Eds., (Plenum Press, New York), p. 339 (1991), A.J. Epstein

and A.G. MacDiarmid.

1992-10 "Protonic Acid Doping of Two Classes of the Emeraldine Form of Polyaniline," in

Synthetic Metals 4, 337 (1991), M.E. J6zefowicz, A.J. Epstein and X. Tang.

1992-11 "Proton Transport on Modified Sulfonated Polyaniline Electrode," in Journal

American Chemical Society (In Press 1991), J. Yue and A.J. Epstein.



!t

13
1992-12 "Synthesis and Conductivity of Copolymer of 4-4'-Diaminodiphenylamine and

Terephthaloyl Chloride," in Polymer (In Press 1991), G. Gordon, J. Yue and A.J.
Epstein.

1992-13 'The Peierls Ground State, Solitons and Polarons in Ring-Containing Polymers,"
in Conjugated Polymers and Related Materials: The Interconnection of
Chemical and Electronic Structure W.R. Salaneck and I. Lundstr6m, Eds.,
(Oxford Scientific Press, UK), (In Press 1992), A.J. Epstein.

1992-14 "Crystallinity and Thermomechanical Properties of Lead Halide-PEO
Complexes," in Solid State Ionics, 40/41 659 (1990), A. Wendsj6, J.O. Thomas,
G.K. Jones and G.C. Farrington.

1992-15 "Conductivity of PEO-Based Zn(II) Polymer Electrolytes," in Solid State Ionics,
40/41 663 (1990), H. Yang, R. Huq and G.C. Farrington.

1992-16 "Thermogravimetry-Mass Spectrometry Using a Simple Capillary Interface," in
American Laboratory 2( 21 (1990), E.L. Charsley, S.B. Worrington, G.K. Jones
and A.R. McGhie.

1992-17 "Electrochemical and Chemical Characteristics of a New Ambient Temperature
Li(I) Polymer Electrolyte," in Journal Electrochemical Society (in Press 1991), R.
Huq, R. Koksbang, P.E. Tonder and G.C. Farrington.

1992-18 "Characterization of Polymer Electrolytes by Simultaneous Thermomechanical
Analysis and Dielectric Thermal Analysis Technques," in Materials
Characterization by Thermomechanical Analysis A.T. Riga and C.M. Neag, Eds.,
p. 129 (1990), A.R. McGhie, G.K. Jones, G.C. Farrington and E. Paul.
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